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ABSTRACT

Observations gathered from the R/V Altair, positioned atmmouth of the Gulf of California
from July 7 until August 12, 2004, are presented. 3 gulf ssirgere noted (July 12-14, Aug.
4, and Aug. 10); the first one is the only associated with ai¢edyclone, and is by far the
most pronounced. Most of the warming of the oceanic mixgeH#s associated with the July
12-14 surge. Mean meridional winds were weakly southerblldevels, while the zonal flow
was weakly westerly near the surface, and otherwise egsséréngthening with height. The
200-hPa flow was westerly until approximately July 17, thasterly thereafter. A trimodal
distribution is documented in the relative humidity, ceileter cloud base heights, and stable
(temperature) layers, consisting of a shallow boundargri@apped at approximately 500 m,
another layer at 1-2.5 km, and a third layer broadly disteduabout the melting level thought
to reflect outflow from mainland deep convection. The 1-2.5laper appears to be advected
moisture generated by deep convection elsewhere. Thengrdétvel layer formed the highest
cloud fraction and appears to be outflow from deep conveaven mainland Mexico. The diurnal
cycle in the boundary-layer winds was primarily meridigmaith the predominantly northward
winds switching to weakly southward between dawn and noodoovA the boundary layer,
winds were north-easterly during the nighttime, with thetedy component rising with height
as time progressed, while daytime flow was predominantlytevigsabove the boundary layer
and northerly above 1.5 km. The surface fluxes were similénase from other field programs
in tropical suppressed conditions, with an experimentires heat flux of 70 W m? into the

ocean, primarily through solar absorption.



1. Introduction

Monsoons are fundamentally driven by land-sea heating amtnes. While the North
American Monsoon Experiment (NAME) was well instrumentedand, for logistical reasons
observations of the coincident conditions at sea were faefeFrom July 7 until August 12,
almost all of the sampling done unambiguously over waterpvagided by the solitary Research
VesselR/V Altair . During this time theéAltair was auspiciously positioned close to the mouth
of Gulf, intermediate between Mazatlan and La Paz. The msandes alone were crucial to
the atmospheric moisture budgets construed from the NAMiBdiog network. In their totality,
the Altair observations provide a unique and unprecedevigad of the vertical structure, both
oceanic and atmospheric, of both the mean background &atiis time period), of the changes

associated with the southerly air intrusions known as guifass, and of the land-sea breeze

diurnal cycle. These observations are presented here.

2. Data

Observations were gathered from July 7 until July 22 (“ley &hd from July 27 until August
12 (“leg 2”). The ship was positioned approximately at 2BL.5108W (about 80 km distance
from land). All instruments on thaltair and their measurements are listed in Table 1.

Rawindsondes were typically launched 4 per day, incredasifsgper day during intensive
observation periods (IOPs). I0Ps were held on July 12-1gbaated with Tropical Depression
Blas), July 20-21...In total, 150 soundings were launcl@tther measurements of the boundary
layer structure were gathered by a continuously-obsenwing profiler, a ceilometer, and a
flux system (Fairall et al. 1997). Turbulent fluxes are olgdinsing motion-corrected eddy
covariance (Edson et al. 1998), inertial dissipation (Bdsal. 1991; Fairall et al. 1990), and
bulk aerodynamic methods (Fairall et al. 1996). Radiativee$ are obtained using redundant,
carefully calibrated pyranometers and pyrgeometersdfair al. 1998). The vertically-pointing
wind profiler (Ecklund et al. 1988) provides continuous pesfiof wind and turbulence in

the lower few km at 60 and 110 m resolution, even in the absehpeecipitation and below



cloud base (by virtue of “clear air refractive index Brag@tsering). From the profile of
clear-air backscatter intensity, it also gives the boundayer depth in almost all conditions.
Details on motion stabilization and processing of the winadfifer are given in (Fairall et al.
1997). Oceanic temperature and salinity profiles were gathéX/daily to 150 m depth by a
conductivity-temperature-depth probe. This probe failedr the beginning of leg 2; all other

instrumentation functioned normally.

3. Overview

A succinct overview of the conditions sampled by #ié&air is provided by a time series
of the vertically-averaged 1000-700 hPa winds and the apeoging surface level pressure
(Fig. 1). While the mean lower-troposphere winds were ofteak, they were at times disrupted
by enhanced south-easterly winds. This occurred most pnemtly on July 12-14, when the
Tropical Depression Blas passed to the south and southwést &Gulf of California. Mean
lower troposphere winds reached 12 m.sOn two other occasions, the mean 1000-700 hPa
wind exceeded 3 m/s for approximately 12 hours (Aug. 4 18 URtg. 5, 6 UTC; Aug. 10
12-20 UTC). These events, unassociated with a tropicabogglpossessed much weaker winds

than those of July 12-14. At times, superimposed upon thennméads, diurnal variations are

apparent; July 12-14 is the most obvious example.

a. Atmosphere

Fig. 1 lends itself to a compositing of thdtair observations into those documenting
the mean background state, and those associated with ggéssuAs shown in Fig 2, the
experiment-mean wind and moisture profiles show weaklyhmeatd meridional flow at all levels,
weakly-eastward zonal flow at near-surface levels, withtwasl flow aloft, strengthening above
600 hPa. A time series lends further insight (Fig. 3). Ugpeel 200 hPa winds during leg 1 were
still eastward, possibly reflecting a delayed northwardhgpime migration of the climatological

westerly jet. This transitioned over to the more typical tmesd winds after July 17 (Fig. 3). The



time series of the meridional winds shows low-level norharinds at times, most notably on
July 15-16.

The mean relative humidity profile (Fig. 2c) shows severahhble features. One is that
the boundary layer is shallow, extending up only to appratety 500 m (also evident in the
wind profiler data). The mean near-surface relative huieslilo not exceed 73 % These are
presumed to both be features of a generally subsident atreaspThe other notable feature is
the trimodality of the relative humidity distribution. Irddition to the boundary layer, broader
secondary maxima occur at 1-2.5 km, and at 5-6 km. As showrimeseries of the sounding
relative humidity profiles with the winds overlain (Fig. 3he 1-2.5 km moisture layer is
intermittently present. This layer also coincides with finesence of ceilometer-inferred clouds
(Fig. 4). At times the clouds at this level may have their kasear the surface (e.g, July 13,
late Aug. 5), but more commonly, the moisture and clouds wieseonnected from the surface
(subsiding with time even, as on July 10-13). On July 19-22 ldyer was associated with
westward winds, suggesting advection from the Mexican faathand thus may represent the
residue of a deeper land boundary layer. The July 19-21 tenieg, which wasn’t associated with
a gulf surge, had the highest water vapor path calculated fhe@ soundings of the entire sample.

The 3rd moisture and cloudiness level was distributed ataha melting level (5-6 km)
and had the highest cloud fraction of the 3 cloud layers (#)g.The cloudiness was visually
ascertained to be liquid-phase altocumulus, rather trephase, even though cloud base heights
were often ascertained to lie above the mean melting-levelokm (Fig. 4). This suggests
the clouds were often composed of super-cooled liquid. ¥/imdre robustly westward at this
level, more so than at the lower levels. The moisture/cloess at this level would appear to be
melting-level outflow generated from deep convection okemhainland, and thereafter advected
to the west (a process also visually ascertained duringdberenent).

The vertical distribution of 50-m thick layers with enhaddemperature stability, shown in

IDaytime heating of the radiosondes and ship may have img#otenearest-surface values.



Fig. 5, also shows a trimodality consistent with the disttiln of moisture and cloud layers. The

6 km maximum lies slightly above the cloud base height maxrmnofi5.5 km in Fig. 4.
FIG. 3.

b. Ocean

The oceanic mixed layer depth was approximately 20 m (Figcl&gnging little throughout
leg 1. Within the mixed layer, the mean oceanic temperat@a® near 30 Celsius. The time
evolution of the mean 20-m thick upper layer (Fig. 7) projesrshows the variability within the
mean values. The most pronounced change is a rise of oversiu€éal the mixed-layer mean
temperature beginning on July 10, reaching a maximum daégn temperature of 30.5 on July
12 and decreasing slightly thereafter, though with straoghal variations. No discernible salinity
change was associated with the strong warming, though &itgrl3, a slight freshening is
evident. Density changes primarily show a responsivemngdgettemperature changes. Underneath
the mixed layer, a layer of approximately 10 m thickness @aimieid the freshest water sampled,
while a near-surface layer of only 1-2 m thickness was algh#y fresher than the water beneath
it. Despite the strong solar absorption evident in the dilivariability, most of the mixed-layer

warming during leg 1 can be attributed to advection, rathentiocal solar absorption. FIG

c. Fluxes
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The sea surface temperature (SST) was continuously medittrapproximately 5 cm FIG. 7.
depth by a “sea snake”; its time series is shown in Fig. 8, dsasethat of the virtual air
temperature. Strong diurnal variations are apparent iS8i&. The SST appears to rise during
leg 2, approaching a diurnal average of 31 Celsius. Thealigin temperature is typically less
than the SST by 1-2 Celsius. Downward spikes are associdtedevaporative cooling from

precipitation. Evaporation and/or sublimation of pret@pon were also frequently observed in

2During some quiescent times the "sea snake” SST thermomweaepbserved to rest against
the boat; this may account for the occasional high temperatpikes, particularly during after-

noons with light winds (day 195, 217, 219, and 222)



the wind profiler and ceilometer backscatter intensities.
A time series of the daily average surface flux componenteg(&ig. 9) demonstrates that
the solar flux and latent heat fluxes are the dominant terngh Hient heat fluxes are primarily
associated with strong wind speed episodes, while vangiio radiative fluxes are principally
caused by clouds. The impact of clouds on the surface enerdye is best indicated by the
cloud forcing, or the difference in the observed mean raaidlux from the clear-sky flux. A time
series of the longwave and solar cloud forcing during NAMIEhvwhe clear-sky values calculated
from a simple model, is shown in Fig. 10. The mean cloud fayeimas -70 W m? for the solar
flux, and 10 W mi? for the infrared flux; leg 1 was generally cloudier, while gontained more
variability, with both more clear and more deeply cloudy ditions.
Table 2 shows the mean surface flux component values meaguried NAME, as well
as those from other recent field experiments held in suppdesspical conditions. The fluxes
sampled during NAME and other field experiments are compartabeach other. The mean net
heat input to the ocean during NAME was 70 Wmon par with undisturbed periods during
TOGA-COARE; without clouds, the net heat input would haverbapproximately 130 W n¥.

4. Diurnal Cycle

The boundary layer diurnal cycle in the winds experiencetth@fltair measured by both
the wind profiler and the flux tower (Fig. 11) contains a caiesiy eastward zonal component,
possibly slightly strengthening in the afternoon, andrgger variability in the meridional
component. Winds are usually northward, at approximataty €2 between 3 P.M. LT and
midnight, turning into weakly southward between dawn anoimd-ig. 12 shows the diurnal cycle
in the wind-profiler-derived winds up to 3 km; note that lotiale is approximately 7 hours earlier
than the given UTC time. Above the boundary layer topg00 m), the meridional component
shifts sharply to southward during the night and into themrg, lasting until about local noon.
The zonal component is primarily westward during the night] includes an interesting rise in

the maximum westward wind with height as the night progresBeiring the day, the zonal wind



is eastward up to approximately 1.5 km, weakening above.latheé nighttime boundary layer
top is marked by a change in winds, the daytime boundary lmyeis not. The complicated
diurnal cycle appears to be dominantly influenced by the fmathMexico (as opposed to
Baja California), with an afternoon inflow to land that is pidy deepened in response to the
late-afternoon convection over the Sierra Madre Occideatal a nighttime land-breeze that
also reflects outflow from further north along the Gulf of @alnia. The consistently eastward
boundary layer winds, irrespective of time of day, is lesslgainderstood.

The diurnal cycle in the infrared cloud forcing shows almasar skies in the mid-afternoon,

with the largest infrared cloud forcing occurring betweeikdmght and dawn (Fig. 13. This is

indicative of higher cloud fractions at this time.
5. Summary and Discussion

This paper has presented some of the basic observationshydlaeAltair during the North
American Monsoon Experiment. The results include the damtation of 3 gulf surges at the
mouth of the Gulf of California. The first one is the only one@sated with a tropical cyclone,
and is by far the most pronounced. Decreased surface pesssarJuly 11 were followed by
winds with a northward component reaching 10 m/s and a wedta@mponent of 6-8 m/s
(Fig. 1). Within the ocean, advection warmed the mixed4ldgenperatures by over 1 degree
Celsius. The largest surface presicipitation rate notetthépltair during NAME occurred on July
12 12 UTC ( 6 AM LT), but significant atmospheric sublimatiordaevaporation of precipitation
was also noted, and is arguably an important atmospheritgodrhe wind structure on July
12 was complex, while on July 13 the winds were more stronglyimvard and associated with
increased moisture between 2-6 km. A diurnal cycle is algaegnt in the 2 day variation.

The mean winds were weakly northward at all levels, whilezitvgal flow is weakly eastward
within the boundary layer and westward above, strengtlgamith height. The 200-hPa flow was
eastward until approximately July 17, when more climataally-representative westward flow

became established. The ocean mixed layer had an averapertgare of 30 degrees Celsius



(Fig. 6 and Fig. 7); although diurnal variations were strang some locally-driven warming was
apparent throughout the course of the experiment (Figh8)ptimary warming was caused by
advection.

The atmospheric relative humidity, cloud vertical distitibn, and stable layer distribution
clearly shows 3 layers. The boundary layer is shallow, editenup to only 500-600 m, and
has a mean relative humidity of only 73 %. Another layer liesAeen 1-2.5 km, and a 3rd
layer is distributed about the melting level. The middledais typically not generated locally,
but rather, appears to be an advected residual layer, freradtith on July 13, and from the
east during July 19-21, when it contributed to the highesindsonde-inferred water vapor
paths measured over tidtair. In both cases the moisture was generated by deep convection
elsewhere. The melting-level cloudiness formed the higtlesid fraction of the 3 layers. The
cloudiness is associated with westward winds, suggestisgnelting-level outflow from deep
convection occurring over the Mexican mainland. Interegyj, the cloudiness was often liquid
phase, possibly super-cooled, rather than ice phase. @hikalp explain its persistent presence,
as an ice-phase cloud can precipitate away, while the liphase can be maintained by infrared
radiative cooling. The signature of infrared radiative laap may also be evident in the vertical
distribution of layers with enhanced stability (Fig. 5). Mowork is required to document and
support this hypothesis.

An interesting diurnal cycle was noted. Within the boundasger, the primary diurnal
variability was in the meridional component, with primgmiorthward winds becoming weakly
southward between dawn and noon (Fig. 11). The boundary keight showed little diurnal
variation according to wind profiler measurements. Duriigihttime the boundary layer top was
associated with strong wind shear, with winds switchingaotBward and the zonal component
switching to westward at sunset near the boundary layerTiopreafter, the vertical location of the
westward flow is seen to rise with height as time progressasnd the day, the boundary layer
top is not associated with wind shear, and the eastward flowpies an ever-deepening layer

until sunset. The complex diurnal flow is obviously influethd®y aspects of the heating of the
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mainland Mexico and convection over the Sierra Madre Octalebut a deeper understanding
requires the integration of observations made at othes.site

The surface heat fluxes were dominated by the solar flux aedtl&eat flux. The
experiment-mean net heat flux was 70 Winwarming the ocean. This is comparable to that
from other recent field experiments held in suppresseddabponditions. The diurnal cycle in

infrared cloud forcing suggests a higher nighttime cloadttion than daytime.
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Figure Captions

FIG. 1. a) Surface level pressure as measured by the rawindsdndag leg 1 (solid filled circles
and smoothed as a line), b) mean 1000-700 hPa rawindsondéionai and zonal winds from
July 7 until July 22. Panels c) and d) are similar to a) and b),filom July 27 until August 12.

Note time resolution in all panels varies with the numberasfindsondes per day.

FIG. 2. a) Mean zonal and meridional winds (black and grey lirespectively), b) Standard

deviation in the zonal and meridional winds (black and gnegd), and ¢) mean relative humidity.

Fic. 3. a) Relative humidity time series with vector winds oserlfor leg 1, and vertically-

integrated water vapor content up to 10 km in lower panel,lgrahme as a) but for leg 2.

FIG. 4. a) Time series of ceilometer-derived cloud base heiglute some days are missing. b)
Experiment-mean vertical distribution of the ceilometeud base heights, expressed as a normal-

ized percentage.

FIG. 5. Frequency of occurrence of stable layers. Stable layétslapse rates exceeding
-5, -4 and -3 K knt! over a 50 m distance are indicated, respectively, by a dostiti, and

dashed line.

FIG. 6. a) Mean oceanic temperature, b) salinity, and c) depsdijles from leg 1.

FIG. 7. Upper oceanic 20 m layer a) temperature, b) salinity, @ndensity measurements

(solid filled circles and a smoothed line)

FiG. 8. Sea surface temperature measured at approximately ®pth @ith a “sea snake”

(blue line) and the virtual air temperature measured at thetéwer (green line).

FIG. 9. Time series of daily-average surface flux values: netrates¥ling radiative solar plus

infrared (dark blue line); latent (red line); sensible @rdine); and net (turquoise line).
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Fic. 10. Time series of the surface solar and infrared cloudrgr@dark blue and green lines
respectively). Cloud forcing is calculated as the net serfadiative flux - clear-sky surface

radiative flux.

Fic. 11. Mean diurnal cycle in the winds measured by the wind lemoét 60 m and 100
m resolution (green and red line, respectively) and at thetbwer (open blue circles), as a

function of local time.

Fic. 12. Mean diurnal cycle in wind-profiler-derived winds, asiaction of UTC time.

FiG. 13. Infrared cloud forcing at the surface, as a functiorooél time.
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TABLE 1. Altair Instruments and measurements

System Measurement Comments

Motion/navigation package Motion correction for turbuten (Fairall et al.
Sonic anemometer/thermometer Direct covariance turbélleces (Fairall et al.
Infrared fast HO/CO, sensor Direct covariance moisture/Cllixes (Fairall et al.
Temperature and moisture sensors Bulk turbulent fluxes rglFet al.
Pyranometer/Pyrgeometer Downward solar and infrarectiadifluxes redundant;
25K Vaisala Ceilometer Cloud-base height continuot
915-MHz wind profiler Winds (Fairall et al.

Conductivity-Temperature-Depth probe Ocean temperatudesalinity profiles
Rawindsondes Atmosphere temperature, humidity and wiofilgs Vaisala type

Optical rain gauges Precipitation rate and accumulation dundant ar




16

TABLE 2. Surface flux components from recent field experiments, imWA/

Experiment net shortwave netlongwave sensible latent net
TOGA-COARE-1 222 -58 -7 -89 65
JASMINE (pre-onset) 260 -49 -5 -115 90
Nauru99 216 -54 -5 -123 33

NAME 241 -57 -5 -108 70




17

Figures
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FIG. 1. a) Surface level pressure as measured by the rawindsdaodeg leg 1 (solid filled circles and
smoothed as a line), b) mean 1000-700 hPa rawindsonde maaldind zonal winds from July 7 until
July 22. Panels c) and d) are similar to a) and b), but from Judlyntil August 12. Note time resolution

in all panels varies with the number of rawindsondes per day.



18

FIG. 2. a) Mean zonal and meridional winds (black and grey liespectively), b) Standard deviation

in the zonal and meridional winds (black and grey lines), @nhean relative humidity.
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FiG. 3. a) Relative humidity time series with vector winds oserlfor leg 1, and vertically-integrated

water vapor content up to 10 km in lower panel, and b) same lbstddr leg 2.
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FIG. 9. Time series of daily-average surface flux values: netraesiling radiative solar plus
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flux.
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of local time.
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